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Abstract 
This article presents the performance of 10 kWp photovoltaic power generator (PVPG) during 6 years 
under hot climatic condition. The PVPG is installed in 2005 at Energy Park, School of Renewable Energy 
Technology (SERT), Naresuan University, Phitsanulok, Thailand. This system consists of 3 PV 
technologies; Amorphous Silicon (a-Si), Poly Crystalline Silicon (p-Si), and Hybrid Silicon (HIT) with 
monitoring system to meet the guideline of IEC 61724. All of the important parameters are recorded from 
June 2005 to December 2010, which were used in evaluation processes. The results of this research found 
that the highest average array yield (YA) of a-Si, p-Si and HIT are 4.86 h/d, 4.36 h/d and 4.60 h/d, 
respectively at reference yield 5.27 h/d. The average A) of a-Si, p-Si and HIT are 
5.89%, 10.59% and 13.41%, respectively. a-Si has highest average annual array performance ratio about 
0.92%, HIT 0.87% and the lowest is p-Si 0.83%. 
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Introduction 
A 10 kWp photovoltaic power generator (PVPG) is installed in 2005 at the Energy Park, School of 
Renewable Energy Technology (SERT), Naresuan University, Thailand. The PVPG is designed for study 
the efficiency and performance of each component and the overall system. The hybrid / grid connected 
concept was used for designing this system for a stability and reliability of the system. PVPG has 3 main 
components are as follows: PV arrays, power conditioning systems and battery storage. In this system;  
a-Si, p-Si and HIT are installed in PVPG. The purpose of this research is to compare the performance of 
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each PV technology in long term condition. The performance evaluation of the PV system is very 
important activities because of the performance results can be used as a database for adjustment and 
maintenance of PV system to maintain at high performance all the time. In Thailand, a lot of PV power 
plants were installed and evaluated such as 500 kWp PV power plant at Mae Hong Son province. The 
results found that the final yield of PV power plant is between 2.91 h/d  3.98 h/d and the performance 
ratio is between 0.7  0.9 [1]. This article presents the performance of PVPG under hot climate condition 
during 6 years of operation (June 2005 to December 2010).  
 
Nomenclature 
IDC  DC current (A) 
VDC  DC voltage (V) 
YA   Array yield (h/d) 
EA  Array energy output per day (kWh) 
Po  Nominal power at STC (kWp) 
Yr  Reference yield (h/d) 
Yf  Final yield (h/d) 
STC  Standard test Condition (W/m2), 1,000 W/m2 
GI   Global irradiance on the array plane (W/m2)  
GSTC    Global irradiance at STC (W/m2) 
Hi   Horizontal irradiance on array plane (Wh/m2) 
A  Array efficiency (%) 
ES,A  Total solar energy on array plane (kWh) 
AA  Array area (m2) 
PRA  Array performance ratio (%) 
Lc  Capture losses (h/d) 
Ls  System losses (h/d) 
t  Operating time (hours) 
System components 
A 10 kWp PVPG consists of PV arrays and grid inverters. For PV arrays there are three different 
types of PV technology; a-Si 3.67 kWp, p-Si 3.60 kWp and HIT 2.88 kWp. The power conditioning 
system consists of three grid connected inverters 3.5 kW. The schematic of PVPG shows in Figure 1.  
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Fig. 1. Schematic diagram of PVPG 
Data collection and performance evaluation 
The PVPG is complete of monitoring systems to assess and use for evaluating the performance of 
PVPG. The monitoring systems are designed, installed and analysed to meet the guideline of IEC 61724 [2] 
and the framework of the International Energy Agency Photovoltaic (IEA PVPS) Program Task 2 [3]. All 
parameters are recorded every 5 minutes. Table 1 is shown all parameters, which are measured in this 
system. 
  
Table 1. The monitor parameters 
 
NO. Parameter Symbol 
1. Global Irradiance in  array plane GI 
2. Module Temperature Tm 
3. Ambient Temperature Ta 
4. a-Si DC Voltage  VDC,a-Si 
5. a-Si DC Current IDC,a-Si 
6. p-Si DC Voltage VDC,p-Si 
7. p-Si DC Current IDC,p-Si 
8. HIT DC Voltage VDC,HIT 
9. HIT DC Current IDC,HIT 
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Yr  = Hi/GSTC
YA = EA/PO
EA = IDCVDCt
Lc = Yr  YA
A = EA/Hi·AA 
   EPV/Hi·AA
PRA= YA/Yr
Hi  =  Idt ·AA
Power
Conditioning
Yf = Euse/P0
PR = Yf/Yr
Ls = YA-Yf   
sys= Euse/HiAA
~ ~ 
 
 
Fig. 2. The main parameters and the equations of PVPG 
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Performance evaluation results 
The performance evaluation results show the performance of PV technology in different types. The 
average annual daily array yield and average array efficiency of the each type shows in figure 3 and 4, 
respectively. 
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Fig. 3. Array yield of PV technology in different types 
 
Figure 3 shows the highest average array yield is given by a-Si about 4.86 h/d, HIT 4.60 h/d and p-Si 
is the lowest about 4.36 h/d. While energy output of a-Si is the highest value, follow by p-Si and HIT is 
the lowest values at the average reference yield equal 5.27 h/d.  
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Fig. 4. The average array efficiency of the each type of PV technology 
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Figure 4 shows the average array efficiency of a-Si, p-Si and HIT at the first year are 6.45%, 10.89% and 
14.10%, respectively. It is quite high value when comparing with other article [12] which is the same trend 
with other research such as [11] that shows the efficiency of HIT, p-Si and a-Si are 13.37%, 10.17% and 
6.59%, respectively. However, after sixth years the efficiency of a-Si, p-Si and HIT are drops to 5.55%, 
10.27% and 13 00%, respectively. It cause of an increasing of internal resistance and the changing properties 
of materials in PV modules.  
 
0.7
0.8
0.9
1.0
1.1
2005 2006 2007 2008 2009 2010
Year
A
rr
ay
 P
er
fo
rm
an
ce
 R
at
io
 (%
)
a-Si p-Si HIT
> 1.0
 
 
Fig. 5 The average annual array performance ratio of the each type of PV technology 
 
Figure 5 shows the average annual array performcnace ratio (PRA) of a-Si, p-Si and HIT . The first year 
are 1.01%, 0.85% and 0.92%, respectively. The PRA of a-Si is higher than 1.0 because of it is not 
stabilization. However, the average array performance ratio of a-Si is the highest value about 0.92 %/year, 
HIT 0.87%/year and the lowest is p-Si 0.83%/year at operating condition.  
Conclusion 
The annual daily average array yield of a-Si, p-Si and HIT are 4.86 h/d, 4.36 h/d and 4.60 h/d, 
respectively at reference yield 5.27 h/d. The average array yield of a-Si is higher than p-Si and HIT are 
10.20%, and 5.36% respectively at the reference yield 5.27 h/d. And the average annual array 
performance ratio of a-Si is the highest 0.92%, HIT 0.87% and the lowest is p-Si 0.83%. The average 
annual array performance ratio of a-Si is higher than p-Si and HIT are 10.25%, and 5.40% respectively. 
Because the power temperature cofficient of a-Si is lower than p-Si and HIT.  
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